Abstract 3,5-Dimethyl-3'-isopropyl-L-thyronine (DIMIT)-induced fetal hyperthyroid rats showed a marked accumulation of intracellular tubulin content in the cerebral cortex, hypothalamus, and cerebellum at 1 day old. When the fetuses were transplacentally radio-thyroidectomized with the administration of [131I]-Na, the brain weight was not changed at 1 day old. The DNA content was not affected by the radio-thyroidectomy (Tx), but intracellular RNA concentration (per DNA) was increased in the hypothalamus and cerebellum at that age. The DIMIT-supplement to Txfetuses failed to restore these abnormal values to normal. Delayed effects of the fetal Tx were observed in 11-day-old infants. These neonates showed decreased weight gain in the body, brain, cerebral cortex, and cerebellum. The DNA content (per wet tissue) was higher in the hypothalamus and cerebellum. The intracellular concentrations of RNA and tubulin (per DNA) were significantly decreased in the hypothalamus. These values were restored to normal by the administration of Lthyroxine(T4) to rats between 1 and 10 days old. These results demonstrate that fetal nervous tissues are sensitive to changes in thyroid functions. The different manner of response to the hormonal states among the brain areas may reflect that each nervous tissue has a specific critical period for thyroid hormones during development. Key words ; fetal thyroid functions, DIMIT, nucleic acids, tubulin, brain development.
demonstrated dendrite malformation in hypothyroid rats (EAYRS and TAYLOR 1951; EAYRS, 1961 EAYRS, , 1968 . Congenital hypothyroidism, known as cretinism, results in irreversible mental defects if thyroid hormone-replacement is not begun shortly after birth (MORREALE DE EscoBAR et al., 1983) . Despite early thyroid hormone replacement, however, such children demonstrate mild developmental defects when compared with euthyroid controls (SMITH et a1.,1957; MACFAUL et a1.,1978) . These findings suggest that thyroid hormones may be necessary in order to achieve completely normal development during fetal life.
3,5-Dimethyl-3'-isopropyl-L-thyronine (DIMIT) is one of the analogues of Ltriiodothyronine (T3) and is capable of transplacental movement (COMITE et al., 1978; CHOPRA et a1.,1984) . DIMIT has demonstrable thyromimetic activity in many primates (TAMAGNA et al., 1979; MELMED et al., 1980; BACHRACH et al., 1983) . BACHRACH et al. (1983) have recently demonstrated, using monkeys, that the administration of DIMIT to [131I]-Na treated mothers prevents the clinical manifestations of cretinism in the fetus. These suggest that DIMIT appears to affect thyromimetic activity in fetal nerve tissues.
The purpose of the present study is to determine whether thyroid functions affect the metabolism of nucleic acids and tubulin in fetal nerve tissues and whether abnormal thyroid functions during fetal life induce delayed effects on these parameters after birth.
MATERIALS AND METHODS
Products. Synthetic DIMIT was kindly provided by Dr. Michael B. Bolger, Ph. D., of the University of Southern California. The [3H]-colchicine (Amersham), L-thyroxine (T4) radioimmunoassay kit ("Cretin-T4," Eiken), colchicine (Merck), and activated charcoal (Wako) were obtained from separate commercial sources.
Treatment of animals. Pregnant rats of Wistar strain were individually maintained in a temperature controlled room (24 + 1°C) and had free access to standard rat laboratory chow (Oriental Yeast) and water. Five pregnant rats were subcutaneously injected with DIMIT (10 ng/(g body weight S day)) dissolved in slightly alkaline physiological saline; three pregnant rats were given an equivalent volume of the solvent as a control group starting at 3 days of gestation till the day of delivery. Seven pregnant rats were intraperitoneally administered [131I]-Na (0.2 mCi/ 100 g body weight) on the 2nd day of gestation. They were again treated with the radio-iodine (0.05 mCi/loo g body weight) at 14 days of gestation. Four of the 7 radio-thyroidectomized rats were subcutaneously injected with DIMIT (10 ng/(g body weights day)) from the 7th day of gestation to delivery. Three other rats were maintained with a small dose of T4 (2 ng/(g body weight S day)).
On the day of birth, some of the pups from the control, the DIMIT-treated and radio-thyroidectomized mother rats were sacrificed for experiments. Other pups delivered from the radio-thyroidectomized mothers were divided into two groups. One group was subcutaneously administered T4 (2 ng/(g body weight S day)) between 1 and 10 days old, as the serum level of the hormone was low in neonatal rats (DUSSAULT and LABRIE, 1975) . The neonates in the other group were treated with the solvent as a control group.
Preparation of brain soluble fraction. The pups were weighed and sacrificed by decapitation. Their brains were removed and immediately weighed. The cerebral cortex, cerebellum, and hypothalamus were separated on filter paper moistened with ice-cold physiological saline and frozen rapidly in liquid Freon 12 chilled with liquid nitrogen (TAKAHASHI et al., 1981) . The specimens were kept in air-tight bags at -80°C until use. Each frozen tissue was homogenized with the solution containing 10 mM sodium phosphate, 10 mM MgC12, 0.25 M sucrose, and 0.1 mM GTP. After centrifugation at 105 x g for 60 min at 2°C, supernatants were obtained.
Determination of tubulin. The assay of tubulin in the soluble fractions was carried out according to SHERLINE et al. (1974) . The [3H]-colchicine (1.1 nmol, 0.5 pCi) was added to 100 ill of the soluble fraction, and the mixture was incubated at 37°C for 90 min. Further details have been reported elsewhere (TAKAHASHI et al., 1981 ).
Assay of blood T4 level. The T4-level of rat whole blood was assayed using "cretin T 4 radioimmunoassay kit" prepared from Eiken. The samples were applied to filter paper (Toyo filter paper No. l) and allowed to dry. To perform the assay, 3-mm dots were punched and eluted with 0.2 ml of 0.05 M phosphate buffer (pH 8.0) containing 0.01 mg of 8-anilinonaphthalene sulfonic acid in 10 x 70 mm glass tubes. The recovery of T4 after elution was found to be >95%. All assays were performed in duplicate. Minimally detectable dose was 0.6 µg/dl of blood.
Determination of RNA and DNA. RNA and DNA were extracted according to SCHNEIDER (1946) and were determined in accordance with CERIOTTI (1955) and BURTON (1956) ; yeast RNA (Boehringer) and calf thymus DNA (Biochemica) were used as standards for the analyses, respectively.
Statistical treatment. The results were subjected to statistical evaluation using Student's t-test.
RESULTS
T4 level in blood samples from 1-and 11-day-old rats
In 1-day-old rats, the blood T4 level was not detectable in all experimental groups (Table 1 ). The littermate of fetally radio-thyroidectomized pups (Tx-pups) showed decreased level of T4 at 11 days old. When the Tx-pups were subcutaneously administered with T4 (2ng/g body weight) between 1 and 10 days old, the T4 level in blood increased up to the control level at 11 days old (Table 1) .
Effects of fetal DIMIT treatment and radio-thyroidectomy on the weight of body and brain tissue
The gain in body weight was decreased by DIMIT-treatment (DIMIT) but not by radio-thyroidectomy (Tx) or radio-thyroidectomy and DIMIT-supplement (Tx+DIMIT) at 1 day old (Table 2 ). Delayed effects of the radio-thyroidectomy were observed on the body weight at 11 days old (Table 3 ). The weight was decreased by Tx and it was not compensated by T4-replacement in the neonates.
In 1-day-old pups, the weight of brain, cerebral cortex, and cerebellum was not changed by Tx but these values were increased by DIMIT-supplement to Tx-fetuses (Table 2 ). The weight of these organs was, however, decreased by Tx at 11 days old and the values were not increased with postnatal T4-treatment (Table 3) . Japanese Journal of Physiology Table   1 . Blood L-thyroxine (T4) level in 1-and 11-day-old rats. Effects of fetal DIMIT treatment and radio-thyroidectomy on RNA and DNA Table 4 shows DNA (per wet tissue) and intracellular RNA (per unit DNA) in the cerebral cortex, hypothalamus, and cerebellum at 1 day old. The amount of Vol. 37, No. 2, 1987 Table 3. Neonatal changes induced by fetal radio-thyroidectomy (Tx) and by fetal radio-thyroidectomy + neonatal T4-administration (Tx+T4) on the weight of body, brain, cerebral cortex, cerebellum, and hypothalamus from 11-day-old male rats. Table 4 . Effects of fetal DIMIT supplement's and radio-thyroidectomy (Tx)2~ on RNA and DNA in the cerebral cortex, hypothalamus, and cerebellum from 1-day-old male rats. Table 5 . Effects of fetal radio-thyroidectomy (Tx)' and neonatal supplement of L-thyroxine (T4)2) on RNA and DNA in the cerebral cortex, hypothalamus, and cerebellum from 11-day-old male rats. Fig. 1 . Effects of fetal DIMIT-treatment and radio-thyroidectomy on intracellular tubulin (per unit DNA) in the cerebral cortex, hypothalamus, and cerebellum from 1-day-old male rats. The treatments are the same as shown in Table 1. FETAL   THYROID  AND  BRAIN  DEVELOPMENT  261 DNA was not changed by DIMIT-treatment or Tx in the three brain areas. Intracellular concentrations of RNA were expressed as ratios to unit weight of DNA, because each cell contains almost the same amount of DNA. Intracellular RNA was increased by Tx in the hypothalamus and cerebellum and the value was not normalized by DIMIT-supplement in these areas. Delayed effects of fetal Tx were observed on the parameters in 11-day-old rat brains (Table 5) : DNA was increased in the hypothalamus and cerebellum; intracellular RNA was decreased in the hypothalamus. This was, however, increased to the normal levels by T4-administration during neonatal life.
Effects of fetal DIMIT treatment and radio-thyroidectomy on intracellular tubulin contents Intracellular tubulin (colchicine binding activity per unit DNA) was increased by DIMIT-treatment in the three brain areas at 1 day old (Fig. 1) . Although the value was not changed by fetal Tx, it was increased by DIMIT injected to Tx-fetuses in the cerebral cortex.
Delayed effects of fetal Tx were observed in the hypothalamus from 11-day-old rats (Fig. 2) . The tubulin value in the tissue was decreased by Tx, and it was normalized by postnatal T4-treatment to Tx-rats between 1 and 10 days old. (COMITE et al., 1978; BACHRACH et al., 1983; TAKAHASHI, 1984) . These hyperthyroid infants, which were delivered from DIMIT-treated mother rats, showed increased values of intracellular tubulin in the cerebral cortex, hypothalamus and cerebellum at 1 day old (Fig. 1) . Tubulin is one of the major proteins in nervous cells and it is a subunit of microtubules which are known to be important for cellular proliferation, differentiation, dendrite-formation, synapseformation, and intracellular transportation (SHELANSKI and FEIT, 1972; BRYAN, 1974) . It is likely, therefore, that the hormone affects tubulin metabolism and, in turn, influences the development of nerve tissues in fetal life. Fetal nerve tissues were observed to be sensitive to the T3 analogue.
DISCUSSION
When fetuses were transplacentally radio-thyroidectomized, T4 level in blood samples was significantly decreased in the littermate at 11 days old, although the hormone level was not detectable in any experimental groups at 1 day old (Table 1) . Maternal rats of the Tx-pups were administered with a small dose of T4, which seemed to be approximately equivalent to the dose of DIMIT in biological activity determined by JORGENSEN (1978) . This dose of thyroxine seems to be too small to affect rat fetuses, because the hormone can hardly pass through the placental barrier (DUSSAULT and COULOMBS, 1980) . In these fetally thyroidectomized neonates, intracellular RNA was increased in the hypothalamus and cerebellum at 1 day old (Table 4 ). The RNA value was not normalized by DIMIT-supplement administered to Tx-fetuses. It is likely that the dose of DIMIT used was too small to prevent the effects of the hypothyroid state.
Delayed effects of fetal Tx were manifested in the increased DNA in the hypothalamus and cerebellum at 11 days old (Table 5) . These values were normalized by T4-treatment. Several lines of evidence demonstrate that neonatal hypothyroidism results in retarded proliferation of nervous cells (HAMBURGH,1969; SOKOLOFF and KENNEDY, 1973) . Therefore it is not likely that increased DNA reflects an increase in the population of nervous cells. Since the gain in weight of brain tissues from fetal Tx-rats was decreased at 11 days old (Table 3) , it is possible that the increases in DNA values were caused by the reduced wet weight of the tissues (Table 4) , because the amount of fluid in the brain decreases in neonatal hypothyroid rats (HAMBURGH, 1969) .
As other delayed effects of fetal Tx, diminished intracellular RNA, and tubulin values were observed in the 11-day-old rat hypothalamus (Fig. 2) . These values were, however, normalized in the tissue by T4-treatment between 1 and 10 days old. Although the effects of radiation still remain unclear, it is possible that the suppressed values depend, if only in part, on the hypothyroid state following fetal thyroidectomy. NOGUCHI et al. (1985) have also demonstrated delayed effects of fetal hypothyroid state using the brain of congenital hypothyroid mutant mice (hyt). In their biochemical and morphological studies, it was revealed that the cerebral myelination in the mice diminished after 40 days old, and the hypomyelination was normalized by T4-replacement during the first 20 days of postnatal life. DUSSAULT and LABRIE (1975) have demonstrated that the hypothalamicpituitary-thyroid axis develops during fetal life and that thyroid hormones exist in low levels in sera from newborn rats. Recently, PORTERFIELD (1985) has revealed that the development of this thyroid control system in rats is sensitive to prenatal exposure to T4-and DIMIT-induced hyperthyroidism. Although SCHWARTZ (1983) demonstrated that thyroid hormones have a so-called "critical period" of action and this period in the nerve tissue is considered to exist in early postnatal life, these findings and the present results suggest that the critical period of thyroid hormone action begins in fetal life in nerve tissues. LEGRAND (1967) has already revealed that the developmental stages of nervous cells in brain areas differ from each other. Although direct effects of thyroid hormones still remain unclear, different manners of response to the thyroid hormones in the three brain areas appear to depend on the different developmental stages of the nerve tissues. 
